9.10 Name one ionic compound that contains a polyatomic cation and a polyatomic anion (see Table 2.3).
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9.20 For each of the following pairs of elements, state whether the binary compound they form is likely to
be ionic or covalent. Write the empirical formula and name of the compound: (a) B and F, (b) K and Br.
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9.20 (a) Covalent (BF3, boron trifluoride) (b) ionic (KBr, potassium bromide)

9.30 How many lone pairs are on the underlined atoms in these compounds? HBr, H2S, CH4
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9.40 Classify the following bonds as ionic, polar covalent, or covalent, and give your reasons: (a) the SiSi
bond in CI3SiSiCI3, (b) the SiCl bond in CI3SiSiCI3, (c) the CaF bond in CaF2, (d) the NH bond in NH3.
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9.40 (a) The two silicon atoms are the same. The bond is covalent.

(b) The electronegativity difference between Cl and Siis 3.0 — 1.8 = 1.2. The bond is polar covalent.

(c) The electronegativity difference between F and Ca is 4.0 — 1.0 = 3.0. The bond is ionic.

(d) The electronegativity difference between N and H is 3.0 — 2.1 = 0.9. The bond is polar covalent.

9.50 Is it possible to “trap” a resonance structure of a compound for study? Explain.
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9.60 What is a coordinate covalent bond? Is it different from a normal covalent bond?
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9.70 For the reaction O(g) 1 02(g) i 03(g) ¢H° 5 2107.2 kJ/mol Calculate the average bond enthalpy in O3.
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9.70 Strategy: Keep in mind that bond breaking is an energy absorbing (endothermic) process and bond making
is an energy releasing (exothermic) process. Therefore, the overall energy change is the difference between
these two opposing processes, as described in Equation (9.3) of the text.
Solution: There are two oxygen-to-oxygen bonds in ozone. We will represent these bonds as O—O.
However, these bonds might not be true oxygen-to-oxygen single bonds. Using Equation (9.3) of the text, we
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AH® = > BE(reactants) — > BE(products)

AH° = BE(O=0) - 2BE(0O-0O)

In the problem, we are given AH° for the reaction, and we can look up the O=0 bond enthalpy in Table 9.4 of
the text. Solving for the average bond enthalpy in ozone,
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—2BE(0-0) = AH® - BE(0=0)

BE(O=0) — AH®  498.7 kJ/mol + 107.2 kJ/mol
BE(D-B) = B ) s = Bo . 303.0 kJ/mol
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Considering the resonance structures for ozone, is it expected that the O—O bond enthalpy in ozone is

between the single O—O bond enthalpy (142 kJ) and the double O=0 bond enthalpy (498.7 kJ)?
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9.80 Write three reasonable resonance structures for the azide ion N2 3 in which the atoms are arranged as
NNN. Show formal charges.
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9.80 The resonance structures are:
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Which is the most plausible structure based on a formal charge argument?

9.90 Which of the following molecules has the shortest nitrogen-to-nitrogen bond? Explain. N2H4, N20, N2,
N204
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9.90 Only N2 has a triple bond. Therefore, it has the shortest bond length.

9.100 Several resonance structures for the molecule CO2 are shown next. Explain why some of them are

likely to be of little importance in describing the bonding in this molecule.

— LIRS ST CO2 HYIEIFTR » R Ry (I h— B R A SRR R R A A E LS R THVES &

(a) ()=(=() (c) ()E(."‘ () -
(b) : 0=C—O: (d) 10—C—0":
9.100 (a) This is a very good resonance form; there are no formal charges and each atom satisfies the octet rule.
(b) This is a second choice after (a) because of the positive formal charge on the oxygen (high
electronegativity).
(c) This is a poor choice for several reasons. The formal charges are placed counter to the
electronegativities of C and O, the oxygen atom does not have an octet, and there is no bond between
that oxygen and carbon!

(d) This is a mediocre choice because of the large formal charge and lack of an octet on carbon.

9.110 (a) From the following data calculate the bond enthalpy of the F2 2 ion.
(a) TELL NEERETR F 22 BEAY8RIE -
Fa(g)—> 2F(g) AHY = 156.9 kJ/mol

F{(g)—>Fpg)+ e AHL, = 333 kJ/mol
Fi(g)— Falg) + ¢~ AH?, = 290 kJ/mol

(b) Explain the difference between the bond enthalpies of F2 and F2 2.
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9.110 (a) The bond enthalpy of F2- is the energy required to break up F2- into an F atom and an F- ion.
By @) —= Fg)+F (g)

We can arrange the equations given in the problem so that they add up to the above equation. SeeSection 6.6 of the text (Hess’s

law).
Fy (g —— Fa(g) +¢ AHP = 290 kJ/mol
Fr(g) —— 2F(g) AHP = 156.9 kJ/mol

= —333 kJ/mol

Kl +f — F(g

F2 (§) — F(@)+F (9)

The bond enthalpy of F2- is the sum of the enthalpies of reaction.

BE(F; ) = [290 + 156.9 + (—333 kJ)]JkJ/mol = 114 kJ/mol

(b) The bond in F2- is weaker (114 kJ/mol) than the bond in F2 (156.9 kJ/mol), because the extra electron increases repulsion

between the F atoms.

9.120 Experiments show that it takes 1656 kJ/mol to break all the bonds in methane (CH4) and 4006 kJ/mol
to break all the bonds in propane (C3H8). Based on these data, calculate the average bond enthalpy of the
COC bond.
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9.120  There are four C—H bonds in CHy. so the average bond enthalpy of a C—H bond is:|

S
1656 kJ/mol _ 414 J/mol
The Lewis structure of propane is:
T
g
5 T ;|

There are eight C—H bonds and two C—C bonds. We write:
8(C-H) + 2(C-C) = 4006 kJ/mol
8(414 kJ/mol) + 2(C-C) = 4006 kJ/mol
2(C-C) = 694 kJ/mol

. 694
So, the average bond enthalpy of a C—C bond is: ——kJ/mol = 347 kJ/mol



9.130 The bond enthalpy of the CON bond in the amide group of proteins (see Problem 9.81) can be
treated as an average of CON and CPN bonds. Calculate the maximum wavelength of light needed to break
the bond.

B BB A HY CON SRAVHIE 1] DAY AR Fs~12+5 CON F1 CPN §# - STREFTH SR AT AR EHI R AR
% °

9.130 From Table 9.4 of the text, we can find the bond enthalpies of C—N and C=N. The average can be calculated,

and then the maximum wavelength associated with this enthalpy can be calculated.

The average bond enthalpy for C—N and C=N is:
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(276 + 615)kJ/mol

0

= 446 kJ/mol

We need to convert this to units of J/bond before the maximum wavelength to break the bond can be

calculated. Because there is only 1 CN bond per molecule, there is Avogadro’s number of bonds in 1 mole of

the amide group.
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446 1 1000 J
)Z( X 11}?’5 X = 7.41 x107*° J/bond
Imel 6022 %108 bonds 1}

The maximum wavelength of light needed to break the bond is:

5 -34 4 8
7"max = ]’_C - (6.63 <10 /J//g{(llogo — 111/90/ = 2.68 x 10_7 m = 268 nm
E 741x107° 5




